Abstract-In this paper, Multi-Walled Carbon Nanotubes were grown on a surface of a substrate that consists of a quartz piezoelectric substrate with titanium under layer and platinum electrodes. The Carbon Nanotubes (CNT) was grown using thermal CVD with Iron Nitrate as the catalyst. The growth of the carbon nanotubes was carried out at a temperature of 800 0 C with hydrogen as the process gas and benzene as the hydrocarbon. Characterization of the as grown CNT was done using Scanning Electron Microscope (SEM) and Raman Spectroscopy. The Raman spectroscopy was carried out on a selected area of 100micron by 100 micron and the peaks of the D-band, G-band and the second order modes were observed from the Raman spectra. Image j image processing software was also used for the extraction of the diameter of the nanotube in which the average diameter was computed to be 46nm.
INTRODUCTION
Carbon nanotubes (CNTs) have proved to be promising materials due to their unique properties of possessing high thermal and electrical conductivity coupled with their nanometer size. These characteristics have made them attractive and found applications in nano-electronics, hydrogen storage, sensors etc. Their characteristic of having a high surface area have made them suitable candidates for sensing materials in pressure, thermal, optical, stress, strain, chemical and biological sensors [1] Their nanometer sized feature have made them attractive to be integrated into electronic devices which makes them to be miniaturized, less costly, less power consumption and invariably consumer friendly. This development has made a great impact in the sensor industry in recent years.
Sensors fabricated with carbon nanotubes have shown improved sensitivity in the target application [2] Carbon nanotubes can be synthesized by 3 common different techniques including arc discharge, chemical vapor deposition (CVD) and laser ablation. The CVD is the most common used technique due to the advantage of being simple, economical and yielding CNTs of higher purity. In this technique, decomposition of a hydrocarbon takes place in the presence of a metal catalyst and at a very high temperature. Carbon nanotubes have been grown by different CVD techniques including Plasma enhanced CVD, Catalytic CVD and thermal CVD. The type of CNT produced could be either Single Walled Carbon Nanotube (SWNT) or Multiwalled Carbon Nanotube (MWNT). The synthesis of the different types of CNT is dependent upon many factors including the flow rate, growth temperature, type of hydrocarbon, the type of catalyst and the growth time [3] .
The type of CNT Precursor is a very important parameter in determining the CNT to be grown. Methane, Benzene, Acetylene and xylene have been used. The growth temperature is very critical because temperature between 600 to 900 0 C generates Multi-walled Carbon Nanotubes (MWNT) while high temperature between 900 to 1200 0 C is favorable for SWNT growth. Another very important parameter is the CNT catalyst that is been used, the catalyst are required to form nanoparticles for the decomposition of the hydrocarbon. The common metals used include Fe, Co, Ni while less popular metals are Cu, Au, Pt and Pd.
Different substrates have been used for CNT growth using the CVD technique silicon [4] , diamond [5] , glass [6] , zeolite [7] have been reported Platinum have seldom been used, but as reported by [8] , vertically aligned multi-walled carbon nanotubes have been grown on platinum using thermal CVD for use in bio impedance application with platinum as a catalyst. However, both single walled and multi walled carbon nanotubes have been employed as sensing materials in gas sensors as shown by [13] [14] [15] [16] and the results obtained by these sensors showed high sensitivity and selectivity towards the target gases. Researchers have used CNT for sensing using different fabrication techniques spraying techniques, [9] , [10] or spin coating [11] have been used for gas detection. In this work, we want to grow the CNT directly on our substrate because sensors made from as-grown CNT tend to be more sensitive than those in which the CNT was deposited [12] . This study is therefore aimed to investigate the possibility of growing carbon nanotubes on the substrate and study the chemical behaviors of the as-grown CNT which will be used as an active layer for use in sensor applications. In this paper, we report the synthesis of MWNTs on Platinum with titanium under layer deposited on quartz substrate using thermal CVD. Characterization of the as-grown CNT was done using SEM and Raman Spectroscopy.
II.EXPERIMENTAL Fig. 1 show an illustration of our substrate which is made up of quartz piezoelectric material, a titanium under-layer and platinum electrodes. The function of the titanium under-layer is to promote adhesion between the quartz and the platinum and the platinum was chosen as the metal for the electrodes because of its high melting point. 2g of Iron Nitrate was mixed together with 50 ml of ethanol and stirred gently until dissolved completely to form the catalyst. The sample was dip coated into the solution to form the catalyst layer. It was then left to dry under ambient temperature and further heated in a furnace at a temperature of 200 o C for 1 hour as adopted from [13] .The sample was then inserted into the quartz furnace tube of the thermal CVD and heated to a temperature of 800 o C under the flow of argon at a flow rate of 60sccm. Hydrogen was used as the carrier gas at a flow rate of 60sccm and Benzene as the hydrocarbon source. The growth time duration was carried out for 45 minutes. The system was then cooled down to room temperature under the flow of argon gas. The sample was further characterized using Field Emission Scanning Electron microscope S-3400N Hitachi brand and Confocal Raman Microscope Alpha 300 SR from Witec was used for the Raman Imaging characterization in the confocal mode and a laser excitation of 532nm wavelength. Fig. 2 (a) and (b) show the SEM micrographs characterized at different resolutions. The images revealed a growth of entangled Multi walled nanotubes on the Platinum electrodes. As could be seen from (a), the platinum layer is covered with carbon nanotube layer after CVD, A cross section of the asgrown CNT which is marked in rectangular box is further characterized which revealed the morphology multi-walled carbon nanotubes as seen from (b) Image j image processing software was used for qualitative analysis so as to measure the diameter from the SEM micrographs. The diameters were extracted from Fig.2b and the data obtained was used to plot the histogram as shown in Fig. 3 . From the histogram, it could be observed that the carbon nanotubes are relatively homogeneous with more than 51 % having a diameter ranging from 30 to 35nm while 25% lies within the 45-50nm region and 18% lies between the 65-70nm regions, the remaining 6% lies between the 70-75nm regions. The average nanotube diameter from the set of data was computed to be approximately 46nm.
III.RESULTS AND DISCUSSIONS
Raman spectroscopy is one of the widely used tools for characterization of carbon nanotubes. However, it is cumbersome and complicated for the characterization of MWNTs due to the multiple layer of graphite and larger diameters of the CNT. Fig. 4 shows the Raman image of the as grown MWNT on the platinum electrodes and its corresponding Raman spectra. An area of 100 micron by 100 micron was selected for the spectroscopy analysis. As seen in Fig.3 , densely carbon nanotubes are visible and densely distributed which is an indication of presence of MWNTs. Their visibility is dependent upon the polarization of light incident on the surface. From the Raman spectra a peak is located at 1350cm-1 corresponding to the D-band which is the result of disorder in the tubes and another peak at 1650cm -1 corresponding to the G-band which is as a result of the graphitic nature of the carbon nanotube Another peak corresponding to the G'-band is also noticeable at 2700cm -1 which is as a result of overtone of the D band and a second order mode of D' is visible at 2950cm -1
. It was observed that the intensity of the D-band is greater than that of the G -band. Thus, the I d to I g ratio was found to be 1.02, which could be explained as a result of the concentric multi layers in MWNTs. The purity of the carbon nanotubes are usually characterized based on the I d to I g ratio [14] . However, DiLeo [15] reported that the interpretation of the Id/Ig ratio cannot be used for the purity assessment and quality of the MWNTs alone. He argued that since the presence of the G'-band is as a result of a two-phonon process, any form of disorder might disallow the formation of the coupling necessary for the formation of the G'-band and therefore the intensity of this band is highly responsive to the sample purity.
IV.CONCLUSION
In this study, MWCNT's were grown using thermal Chemical Vapor Deposition on a Quartz-Platinum substrate so as to investigate the possibility of CNT synthesis and study the chemical behavior which will be used for sensor application. Characterizations of the as-grown carbon nanotubes were done using SEM, and Raman Spectroscopy. Surface morphology using SEM revealed a growth of entangled MWNTs on a platinum surface .Imagej image processing software was used toextract the average diameter of the tubes as 46nm. Raman spectroscopy was also used to determine the quality of the MWNT and the intensity of the D-band was higher than the G-band with I-g to I-d ratio of 1.02.
